Membrane phospholipid was found to be hydrolyzed presumably by an intracellular phospholipase C, and diglyceride-rich membrane vesicles were released from the cells during protoplast formation in Bacillus cereus, Bacillus subtilis, Micrococcus lysodeikticus, and Staphylococcus aureus. The released membranes consisted mainly of small vesicles of 50 to 100 nm in diameter. They have a lower density than that of protoplast membranes in all the bacteria tested in the present study.
Membrane phospholipid was found to be hydrolyzed presumably by an intracellular phospholipase C, and diglyceride-rich membrane vesicles were released from the cells during protoplast formation in Bacillus cereus, Bacillus subtilis, Micrococcus lysodeikticus, and Staphylococcus aureus. The released membranes consisted mainly of small vesicles of 50 to 100 nm in diameter. They have a lower density than that of protoplast membranes in all the bacteria tested in the present study.
In a previous paper (8) , it was found that membrane phospholipid was hydrolyzed by an intracellular phospholipase C during protoplast formation of Bacillus cereus, and diglyceride (DG)-rich membrane vesicles were released from the cells. Since phospholipase C is known to be one of the enzymes produced by the cells of B. cereus (7) , degradation of phospholipid may possibly be typical of B. cereus. However, in the course of biochemical studies on phospholipid metabolism in certain gram-positive bacteria, it was found that degradation of phospholipid by phospholipase C during protoplast formation is a general character in certain gram-positive bacteria.
The present paper concerns the degradation of phospholipid and the release of DG-rich membrane vesicles during protoplast formation in certain gram-positive bacteria. MATERIALS Micrococcus). In the case of S. aureus, lysostaphin (Mann Research Laboratories) was used (10 Mg/ml) in place of lysozyme. We also added 0.15 M NaCl (17). Cell suspension densities were 0.5 to 0.6 mg (dry weight) of cells per ml in all the bacteria. After completion of protoplast formation (60 min in Bacillus; 30 min in Micrococcus and Staphylococcus), the suspension was centrifuged at 25,000 x g for 20 min. The pellet consisted mainly of protoplast, and the suspension consisted mainly of the released membrane vesicles.
Extraction and analysis of lipid. Lipids were extracted from aqueous suspension by the procedure described by Bligh and Dyer (2) . The chloroform phase of the extraction was washed with 0.9% NaCl solution.
The extracted lipid, labeled with [1-_4C] fatty acid did not increase in any of the bacteria studied during incubation; therefore, phospholipase A is not involved in the degradation of phospholipid in these preparations. Changes in the phospholipid composition were examined in the case of Bacillus. Loss of phosphatidylethanolamine was the most significant in B. cereus, but in B. subtilis phosphatidylethanolamine and phosphatidylglycerol were almost equally hydrolyzed by phospholipase C.
It is known that mesosome vesicles are released from the cells during protoplast formation in certain gram-positive bacteria (3, 4, 14) . When the protoplast suspension was centrifuged at 25,000 x g for 20 After completion of protoplast formation (60 min in Bacillus; 30 min in Micrococcus and Staphylococcus), the suspension was centrifuged at 25,000 x g for 20 min, and lipid was extracted directly from the supernatant (released membrane) and the precipitate (protoplast). The content of phospholipid, DG, and free fatty acid was estimated in each membrane fraction. The released membranes always contained more DG than did the protoplast membranes, and the difference in the DG content between released and protoplast membranes was the most significant in B. cereus (Table 4) . The difference in free fatty acid content between the two types of membrane was not significant in any of the bacteria studied.
The released and protoplast membranes were layered onto 30 to 55% linear sucrose density gradient tubes and centrifuged at 216,000 x g for 3 h. After centrifugation, the contents were fractionated and the protein content was estimated in each fraction. Figure 1 presents a profile of sucrose density gradient centrifugation of the protoplast membrane of B. cereus. The profiles of protoplast membranes of four kinds of bacteria were almost the same, and the membranes were separated mainly into three bands in B. cereus, VOL. 121, 1975 The release of DG-rich vesicles depended upon the concentration of Mg2+ in protoplasting medium. The release was prevented 50 to 609% by 10 mM Mg2+ and about 20% by 1 mM Mg2+. In the presence of Mg2+, the features of the released vesicles were varied by added Mg2+. In the presence of Mg2+, large fused and "beaded" or "pearl-ring"-like membranes (16) were abundant, but in the absence of Mg2+ almost all the vesicles were small single vesicles (Fig. 3) . In the presence of Mg2+, appendages, which look like a "string of pearls," were attached to the cell surfaces, and many large protrusions were found in the cell surfaces.
The protoplasts formed during and after re- KUSAKA lease of DG-rich vesicles were very stable in all the bacteria tested; no changes in the number of' protoplasts were observed during the experiment. In B. cereus, a small portion of protoplast membrane was weakened by hydrolysis of membrane phospholipid, protruded out by turgor pressure of' the cytoplasm, and f'inally formed vesicular membranes and was released (Fig. 4) and protoplast membrane separate upon differential centrifugation (3, 4, 14, 15 
